All relevant data are within the manuscript and its Supporting Information files.

1. Introduction {#sec005}
===============

Over the last four decades obesity has nearly tripled worldwide and has reached the level of a global pandemic \[[@pone.0234552.ref001]--[@pone.0234552.ref004]\]. High fat mass, especially in the abdomen (visceral fat), and in connection with obesity, is associated with several diseases, such as coronary heart disease, diabetes mellitus type II and some types of cancer, as well as with all-cause mortality \[[@pone.0234552.ref005]--[@pone.0234552.ref012]\]. High muscle mass, on the other hand, appears to be beneficial for health and is associated with a reduced risk of functional impairment, disability and mortality, particularly later in life \[[@pone.0234552.ref013]--[@pone.0234552.ref015]\]. Since fat and muscle mass have such contrasting health implications, measurements of body composition are increasingly important in clinical practice as well as in medical research.

However, there is currently no universally suitable method to measure body composition. Each technique has advantages and disadvantages and its use is therefore highly situational. Standard imaging methods (DXA, CT and MRI) allow body composition to be assessed with high precision by distinguishing between fat and fat-free mass \[[@pone.0234552.ref016]--[@pone.0234552.ref019]\]. However, these techniques are time-consuming, expensive and/or invasive, and therefore inadequate for study settings in which many probands have to be examined with minimal health risks and in a short period of time \[[@pone.0234552.ref016],[@pone.0234552.ref017],[@pone.0234552.ref020]\]. Bioelectrical Impedance Analysis (BIA) is often used in such settings \[[@pone.0234552.ref016],[@pone.0234552.ref021],[@pone.0234552.ref022]\] because of the easy handling, high measuring speed and transportability of the measuring device. Nevertheless, BIA has some limitations. It is less precise than standard imaging methods \[[@pone.0234552.ref016],[@pone.0234552.ref021],[@pone.0234552.ref022]\], and provides numbers but no visualisation of fat tissue or any record of visible body characteristics. Thus, the results of BIA may seem abstract to lay people.

Despite their inaccuracy, classical manual anthropometric measurements are still most widely used both to estimate a person's fat mass and the associated health risk in epidemiological studies, and in clinical practice \[[@pone.0234552.ref023]\]. The most common anthropometric measurements associated with fat mass are Body Mass Index (BMI), Waist Circumference (WC) and Waist to Height Ratio (WHtR) \[[@pone.0234552.ref021]\]. All these measurements have been shown to be associated with body composition and are therefore able to predict fat mass \[[@pone.0234552.ref022],[@pone.0234552.ref024],[@pone.0234552.ref025]\]. These measurements only require minimal equipment and are based on visible body characteristics with intuitive meaning. They do, however, vary in their significance and precision in different population groups \[[@pone.0234552.ref026]\], and each of the measures has limitations. The BMI, for example, does not distinguish between fat mass and muscle mass/fat free mass and does not take account of fat distribution \[[@pone.0234552.ref022]\]. Measurements based on waist girth (WC or WHtR) have therefore gained popularity and seem to be better predictors for fat mass (particularly visceral fat) than the BMI \[[@pone.0234552.ref021],[@pone.0234552.ref022],[@pone.0234552.ref024],[@pone.0234552.ref025],[@pone.0234552.ref027]\]. However, these measurements and proportions provide no information on the composition of extremities, where the relative amounts of fat and muscle mass may vary greatly depending on a person's physical activity, or due to muscle loss in elderly people. Thus, changes in body composition cannot be assessed. Also, interobserver variability in anthropometric measurements may be an issue \[[@pone.0234552.ref023]\].

Variation in whole-body composition is probably too multidimensional to be properly measured by single distance measurements. As a new procedure to capture this multidimensionality, 3D photonic full body scans can be used \[[@pone.0234552.ref028]--[@pone.0234552.ref036]\]. Measurements are non-invasive, safe, rapid and simple, and devices are transportable, although less easily than BIA devices. The 3D body scanner functions via photonic scanners surrounding the body. Within 12--15 seconds, millions of data points are gathered, creating a precise 3-dimensional body shape map with detailed body surface topography, from which about 150 standard measures can be derived automatically. These include circumferences of specific body parts, linear dimensions, cross-sectional areas, surfaces, segmental volumes, and proportions, all of which can be used, individually or in combination, to predict health-relevant parameters such as body composition \[[@pone.0234552.ref030],[@pone.0234552.ref036]--[@pone.0234552.ref040]\]. Even the established simple predictors of body fat mentioned above (WC, WHR and WHtR) may be measured more rapidly and reliably using the body scanner than manual methods because the improved standardization reduces inter-observer variability \[[@pone.0234552.ref028],[@pone.0234552.ref030],[@pone.0234552.ref033],[@pone.0234552.ref034],[@pone.0234552.ref037]--[@pone.0234552.ref042]\].

However, some methodological questions still need to be addressed before 3D body scans can be implemented as a standard method for assessment of body composition. First, it is necessary to check whether manual and scanner-derived anthropometric measures are exactly comparable or whether they differ systematically, so that standard definitions of health risk classes (e.g. increased health risk with a WC greater than 94 cm \[[@pone.0234552.ref026]\]) must be adapted for scanner-derived measures. As regards the potential use of multiple measures for a more precise prediction of body composition, previous studies only considered a limited number of pre-defined measures \[[@pone.0234552.ref042]\], and only few of them used automatic variable selection procedures to identify the best predictors \[[@pone.0234552.ref043]--[@pone.0234552.ref045]\]. Because some of the 150 standard measurements are strongly correlated among each other, model selection procedures and other techniques such as 3D surface geometry may have to account for these correlations \[[@pone.0234552.ref046]--[@pone.0234552.ref051]\]. Still, further research is needed to identify which of the 150 standard measurements are most relevant for the prediction of body composition, or whether multiple (and partly strongly correlated) measurements are relevant, and how they should be selected or combined to obtain the most reliable predictions.

In this study we analysed a cross-sectional sample of 104 young men and asked the following research questions: Are standard anthropometric measurements assessed manually and by the scanner differently associated with body composition (fat and muscle mass) as estimated by BIA)? Are these predictions of body composition (as estimated by BIA) improved by considering additional measurements provided by the scanner? How many measurements should be included in a multivariable model to obtain the most precise predictions of body composition?

2. Material and methods {#sec006}
=======================

This study was part of a larger project in which we examined 104 recruits at the beginning of their Armed Forces basic training \[[@pone.0234552.ref052]\]. The cross-sectional baseline examinations involved young males (age range 18.8--24.4 years, mean 20.5 years, SD = 1.1 years) recruited by the Swiss Armed Forces and were conducted in Kloten (Canton of Zurich) from 21 March to 24 March 2017. Participation was voluntary and regarding socioeconomic status, origin or other demographic factors, and participation was voluntary. All young men were Swiss nationals (a precondition to be conscripted for mandatory Service for the Armed Forces), but information about migration background or ethnicity was not systematically collected in the questionnaire. Before beginning the study the participants were informed twice about its content and procedure, first in writing and then orally. In addition, informed consent was confirmed in the form of a signature. The ethics committee of the Canton of Zürich formally approved this study (No. 2016--01625).

Because in the setting of the presented study (limited time available for measurements within normal army operations) it was not feasible to perform invasive and more time-consuming examinations, bioimpedance analysis was used to estimate whole body fat mass, visceral fat mass and skeletal muscle mass. The device used was a medical 8-point body composition analyzer (Seca mBCA 515, Seca AG, Reinach, Switzerland), which was validated in several studies and has often been used to compare body composition measures obtained through different measurement methods including 3D body scanners \[[@pone.0234552.ref053]--[@pone.0234552.ref061]\]. The participants stood barefoot on the four foot-electrodes and grasped the four hand-electrodes with their hands. Alongside the analysis of the body composition, selected anthropometric measurements which are relevant in a medical and epidemiological context were taken manually according to WHO guidelines \[[@pone.0234552.ref026]\]. Waist circumference (WC) was measured with a hand held-tape measure with stretch resistant quality and automatic retraction (Seca 201, Seca AG, Reinach, Switzerland). Participants were measured at the midpoint between the lowest point of the ribcage and the highest point of the pelvis bone, always by the same trained and experienced researcher. Height and weight were measured with a standard stadiometer (Seca 274, Seca AG, Reinach, Switzerland). The participants wore underwear and stood straight with their feet together.

For the 3D body scan a semi-mobile Anthroscan VITUSbodyscan body scanner was used. Four lasers and eight cameras create a point cloud via optical triangulation containing 300 data points per cm3. The software (Anthroscan 2016, Version 3.5.3) then calculates 150 standard measurements (ISO 7250 / ISO 8559 and DIN EN ISO 20685) including various girths and body part volumes. These body volume estimations (also for body regions) have been shown to be important for relative body fat mass \[[@pone.0234552.ref062]\] and of good validity and reliability in other studies \[[@pone.0234552.ref063],[@pone.0234552.ref064]\]. For this study we included 90 standard measurements as delivered by the software (a complete list with measurement ID numbers is provided in [S1 Table](#pone.0234552.s001){ref-type="supplementary-material"}). The non-selected measurements were excluded before the start of data analysis based on two criteria: a) Specific measures intended for the textile sector (e.g. for shirts). b) Clearly redundant measurements (e.g. several nearly identical measures for leg length). The scanner was calibrated daily before use according to the manufacturer's instructions. The participants were scanned wearing tight-fitting underwear in standard position defined by the manufacturer of the 3D body scanner (standing up straight, feet positioned ca. 30 cm apart, arms slightly bent at the elbow and held slightly away from the body, head in accordance with the Frankfurt Horizontal Plane) and held breath after exhalation. To ensure the right positioning, we briefed every participant in advance. Participants wore form-fitting underpants and a tight-fitting bathing cap. Regarding postprocessing of the scans: We worked with the raw point clouds for the extraction of all standard measurementsexcept for the volumes. All 104 scans were checked for their quality (absence of artifacts). For the calculation of the partial volumes, we automatically calculated closed surfaces using the standard procedure in the Anthroscan software (good quality level, medium mesh size), the cutting off of the partial volumes was performed fully automatically via the Anthroscan software, but supervised for quality.

Statistical methods {#sec007}
-------------------

The agreement between manual and scanned anthropometric standard measurements was assessed through Bland-Altman plots, i.e. by plotting the difference between the two measurements against their mean value for each participant \[[@pone.0234552.ref065],[@pone.0234552.ref066]\]. Smoothing lines in these plots showed whether one method yielded systematically higher values than the other, and whether this discrepancy affected the entire range of measured values or only part of the range.

The association between scanned anthropometric standard measurements (BMI, WC, WHtR) and body composition (absolute and relative fat mass, visceral fat mass, and skeletal muscle mass (AFM, RFM, Visc, SMM)) was assessed by Spearman rank correlations and scatter plots with smoothing lines. These plots showed approximately linear relationships between absolute or relative fat mass and each of the predictors, and clearly segmented relationships for visceral fat mass, which was only linearly related to the measurements above a certain threshold. Accordingly, either linear regression or segmented regression was used to compare body fat predictions obtained with manual and scanned standard measurements by computing both the fraction of variation explained (*r*^2^), and the prediction standard error, i.e. the square root of the mean squared prediction error obtained by leave-one-out cross-validation. We chose the cross-validation method over method of the splitting the data set in to training and validation data sets because of rather small overall sample size.

The possible gain in predictive value obtained by considering scanned anthropometric measurements other than the standard ones (BMI, WC, WHtR) was assessed by stepwise forward model selection using the AIC criterion. Of the three standard anthropometric measurements, only WC was considered here because it proved to be the best predictor for the three measures of body fat content. The first step of model selection showed whether any of the other 89 scanner measurements would predict body fat content better than WC. Further steps showed how much the prediction could be improved by adding a second, third or more predictors. For easy interpretation, the gain in predictive value was described as the fraction of variation in additional body fat content that was explained when a predictor entered the model. Because some of the 90 scanner measurements were strongly correlated with each other, we expected model selection to be partly arbitrary and determined by random structures in the data. To assess the resulting uncertainty in the choice of the best predictors, we repeated model selection for 2000 bootstrap samples of the data and recorded the first six predictors selected with each sample. We then determined how often individual measurements were selected in the first step, and how often each of the measurements initially selected among the six top predictors were also among these in the bootstrap samples.

Because stepwise model selection tends to overfit the data and produce unreliable solutions when predictors are strongly correlated, we also performed model selection with the lasso procedure. This involves fitting a multiple regression model with a penalized least squares criterion so that most of the unimportant and/or correlated predictors have a coefficient of zero and are dropped from the model. The optimal penalty term was selected by cross-validation using the "minimum + 1se" rule. We compared the predictions obtained with both model types in terms of explained variation (*r*^2^), and prediction standard error from leave-one-out cross-validation.

Finally, we fitted a single multivariate lasso model to the four measures of body composition to obtain a single set of scanner measurements that would jointly provide the best predictions for the four body composition measures. We standardized both the scanner measurements and the four composition measures to a mean of 0 and standard deviation of 1 so that we could directly compare the regression coefficients and thus, the relative contribution of each of the selected scanner measurements to the prediction of each measure of body composition.

All analyses were performed using R version 3.5.2 (2018, The R Foundation for Statistical Computing, Vienna). To obtain the Bland-Altman plots we used blandr, the segmented regression was determined using the segmented package, and Lasso models we obtained using glmnet.

3. Results {#sec008}
==========

The descriptive statistics for all manual and scanner measurements are reported in [S1 Table](#pone.0234552.s001){ref-type="supplementary-material"}. According to standard definitions of BMI categories, 20.2% of the participants were overweight (BMI 25.0--29.9kg/m2) and 5.8% obese (BMI\> = 30.0kg/m2). According to the WC, only 4.8% of the participants showed increased disease risk (WC 94-102cm) and 3.8% very high disease risk (WC\>102cm), whereas the WHtR suggested that 17.3% had an increased disease risk (WHtR 0.5--0.6) and 1.0% a very high disease risk (WHtR\>0.6). The three scanned anthropometric measurements (BMI, WC, WHtR) strongly and positively correlated to each other (Spearman Rho \>0.89) ([S1 Fig](#pone.0234552.s002){ref-type="supplementary-material"}). Visceral fat mass, AFM and RFM were also strongly and positively correlated to each other (Spearman Rho \>0.79), whereas the correlations with SMM were weaker (Rho 0.31--0.58) ([S2 Fig](#pone.0234552.s003){ref-type="supplementary-material"}).

In terms of agreement between methods, scanned and manually measured height, WC, WHtR, and BMI were strongly correlated (Spearman Rho\>0.96) ([Fig 1](#pone.0234552.g001){ref-type="fig"}). However, the Bland-Altman plots for height showed a constant bias of -1cm towards scanned height being shorter, which resulted in slightly higher BMI values from the scanner. For WC and WHtR there was a trend towards values in the upper part of the range in the scanner than when manually measured.

![Agreement between methods: Scan vs. manual by scatterplots (left) and Bland Altmann plots (right) for height (A,B), WC (C,D), WHtR (E,F) and BMI (G,H).\
Generally, scanned and manually measured values are strongly correlated (Spearman Rho\>0.96). For height there is a constant bias of -1cm towards scanned height being shorter. For WC and WHtR there is a trend towards higher values being larger in the in the scanner than when manually measured.](pone.0234552.g001){#pone.0234552.g001}

The associations between the scanned anthropometric measurements for excess weight (BMI, WC, and WHtR) and visceral fat mass, AFM, RFM, and SMM are reported in [Fig 2](#pone.0234552.g002){ref-type="fig"} and [Table 1](#pone.0234552.t001){ref-type="table"}. In general, explained variation and prediction standard errors were similar between scanned and manual standard measurements. The highest explained variation (*r*^2^) was observed for AFM and the lowest for SMM. Visceral fat mass showed segmented associations with all anthropometric standard measurements (breakpoint for WC = 78.4 cm). Overall, WC explained more variation than the two other anthropometric standard measurements.

![Relationships between body composition (fat or muscle mass as determined through bioimpedance analysis) and three standard anthropometric measurements determined either with the 3D body scanner or through manual measurements.\
Segmented regression was used for visceral fat, and linear regression for the other body composition measures. The fit of each regression model is given as explained variation (r^2^), and its predictive value is given as the prediction standard error, i.e. the square root of the mean squared prediction error obtained by leave-one-out cross-validation.](pone.0234552.g002){#pone.0234552.g002}

10.1371/journal.pone.0234552.t001

###### Comparison of univariable and multivariable regression models for the prediction of body composition (fat or muscle mass as determined through BIA) from anthropometric measurements.

In the univariable models, the four measures of body composition were related to three standard anthropometric measurements (BMI = body mass index, WC = waist circumference, WHtR = waist-to-height ratio, determined either with the 3D body scanner or through manual measurements) using linear regression or (for visceral fat) segmented regression. In the multivariable models, the four measures of body composition were related to 87 scanned measurements, from which the relevant predictors where selected either through stepwise forward model selection (to minimize the AIC) or through the lasso procedure. The fit of each model is given as explained variation (r^2^), and its predictive value is given as the prediction standard error, i.e. the square root of the mean squared prediction error obtained by leave-one-out cross-validation.

![](pone.0234552.t001){#pone.0234552.t001g}

                                   Univariable models (standard measurements)   Multivariable models                                                  
  -------------------------------- -------------------------------------------- ---------------------- --------- -------- --------- -------- -------- --------
  **Visceral fat (kg)**            scanner                                      Manual                 scanner   manual   scanner   manual   p = 49   p = 6
  Explained variation (r^2^)       0.76                                         0.76                   0.87      0.92     0.83      0.88     0.987    0.834
  Prediction standard error (kg)   0.48                                         0.47                   0.36      0.27     0.43      0.35     0.250    0.429
  **Absolute fat mass (kg)**                                                                                                                 p = 19   p = 15
  Explained variation (r^2^)       0.84                                         0.85                   0.87      0.86     0.78      0.77     0.978    0.947
  Prediction standard error (kg)   3.38                                         3.36                   3.01      3.19     4.03      4.13     1.638    2.435
  **Relative fat mass (%)**                                                                                                                  p = 39   p = 10
  Explained variation (r^2^)       0.77                                         0.77                   0.79      0.78     0.74      0.74     0.975    0.888
  Prediction standard error (%)    3.71                                         3.65                   3.54      3.63     3.89      3.90     2.183    2.798
  **Skeletal muscle mass (kg)**                                                                                                              p = 23   p = 19
  Explained variation (r^2^)       0.54                                         0.53                   0.49      0.50     0.28      0.28     0.971    0.943
  Prediction standard error (kg)   2.63                                         2.65                   2.77      2.74     3.28      3.30     0.909    1.180

p = number of predictors selected.

Among the scan parameters, circumferential measurements in the abdominal and hip area were highly correlated with relative fat mass (Spearman Rank correlation Rho \>0.8). Partial volumes had the highest correlations with skeletal muscle mass (Rho \>0.8) ([S1 Table](#pone.0234552.s001){ref-type="supplementary-material"}). Vertical length and distance measurements showed generally showed weaker correlations with relative fat mass and skeletal muscle mass (Rho \<0.4). As expected, predictors belonging to the same measurement type were positively correlated with each other:The average Spearman rank correlations (Rho) of predictors within groups were 0.71 forvertical distances, 0.73 for girths, and 0.79 for partial volumes. Associations among individual scan features are further illustrated by a tree from cluster analysis in [S1 Fig](#pone.0234552.s002){ref-type="supplementary-material"}.

Stepwise forward model selection confirmed that either WC or a closely related measurement (e.g. belly circumference or maximum belly circumference, high hip girth) was the single best predictor of body fat content ([Table 2](#pone.0234552.t002){ref-type="table"}). In the bootstrap samples, WC was selected most often as a predictor of visceral fat mass, while belly circumference was selected most often as a predictor of AFM and RFM. The inclusion of a second predictor into the model increased the explained variation by 1.2% to 3.2%, and a third predictor explained a further 1.1% to 1.6%. Another 2.0% to 2.5% of variation was jointly explained by predictors 4 to 6. However, most of these predictors were selected among the top six predictors with fewer than 50% of the bootstrap samples, meaning that other measurements could be selected as well. Forearm volume (left or right) was most often selected as the best predictor of SMM, with various measures of leg size an alternative or second predictor, indicating that SMM was mainly related to total limb volume.

10.1371/journal.pone.0234552.t002

###### Detailed results of stepwise forward model selection for the prediction of body composition (fat or muscle mass as estimated through bioimpedance analysis) from scanned anthropometric measurements.

For each of the six measurements selected first in the stepwise procedure, the (additional) fraction of variation in body fat or muscle mass explained by the inclusion of this predictor in the model is given. The stability of model selection was evaluated by running the procedure on 2000 bootstrap samples. For each of the six measurements initially selected first, the fraction of bootstrap samples where this measurement was also among the first six predictors selected is given. In addition, all measurements that were selected in the first step at least once are given.

![](pone.0234552.t002){#pone.0234552.t002g}

  Variables                         \% expl.   Among first six (%)   Alternatives for the first (main) predictor (% of bootstrap samples where the variable was selected in the first step)
  --------------------------------- ---------- --------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Visceral fat (kg)**                                              
  WC                                81.8       60.0                  WC (52.3), Belly circumference (18.3), High hip girth (13.1), Middle Hip (10.3),
  Volume Forearm Right              3.2        26.7                  Maximum belly circumference (5.2), High waist girth (0.85), Waist band (0.05)
  Middle Hip                        1.6        32.0                  
  Distance waistband knee           0.8        17.8                  
  Upper arm girth right             0.7        20.4                  
  Upper torso torsion               0.5        11.3                  
  **Absolute fat mass (kg)**                                         
  Maximum belly circumference       90.9       31.6                  Belly circumference (46.5), Maximum belly circumference (31.3), High hip girth (17.0),
  Distance waist knee               1.2        12.7                  Middle hip (4.6), WC (0.25), X_overview Volume (0.25), Buttock girth (0.05), Hip girth (0.05), Thigh girth right horizontal (0.05), Waist band (0.05)
  X_Overview Volume                 1.1        56.0                  
  Knee girth left                   1.1        32.9                  
  Volume Forearm Left               1          45.6                  
  Forearm girth right               0.5        8.8                   
  **Relative fat mass (%)**                                          
  Belly circumference               83.3       88.5                  Belly circumference (88.5), Maximum belly circumference (9.5), High hip girth (1.75),
  Thigh girth right horizontal      3.1        35.5                  Thigh girth right horizontal (0.25), WC (0.2), Buttock girth (0.15), Hip girth (0.15), Thigh girth left horizontal (0.10)
  Volume Forearm Left               2.3        60.1                  
  Dev. waist band from waist back   1          11.3                  
  min leg girth left                0.8        24.3                  
  Elbow girth right                 0.5        11.6                  
  **Skeletal muscle mass (kg)**                                      
  Volume Forearm Right              78.5       63.2                  Volume forearm right (49.5), Volume forearm left (20.5), Volume lower Leg Right (8.6), X_Overview Volume (8.5), Volume Thigh Left (5.0), Forearm girth left (4.0),
  Volume Thigh Left                 6.9        23.1                  Hip thigh girth (1.4), Volume Lower Leg Left (1.1), Total torso girth (0.85), Buttock
  Waist to buttock height left      2.7        9.9                   girth (0.15), Elbow girth right (0.15), min. leg girth left (0.15), calf girth right (0.10), Elbow girth left (0.05), Forearm girth right (0.05), min. leg girth right (0.05)
  Neck height                       2.2        2.4                   
  Forearm girth left                1.8        42.6                  
  Upper arm diameter left           0.9        21.0                  

The total number of predictors selected by stepwise forward model selection ranged from 19 (AFM) to 49 (visceral fat mass). Both model fit (r-squared) and predictive value (cross-validated r-squared) increased or remained stable up to this large number of predictors ([Fig 3](#pone.0234552.g003){ref-type="fig"}). Model fit reached values close to 100%, and predictive value reached more than 90% for the four body composition measures. For the three measures, the mean prediction error of the stepwise selected model, as determined by cross-validation, was small and only slightly larger than the model's residual standard error despite the large number of predictors included ([Table 1](#pone.0234552.t001){ref-type="table"}). The lasso procedure selected models with less predictors, ranging from 6 (Visc) to 19 (SMM), and with slightly lower predictive value ([Table 1](#pone.0234552.t001){ref-type="table"}). Overall, we only found a moderate degree of overfitting (i.e., only small differences between r^2^ and cross-validated r^2^) even with multiple predictors.

![Increase in model fit (r-squared) and predictive value (cross-validated r-squared) with increasing number of predictors in the model.\
Predictors were included in a stepwise forward selection procedure to minimize the AIC. Curves illustrate how many predictors were needed to obtain the maximal predictive value and the moderate degree of overfitting (difference between r^2^ and cross-validated r^2^) found even with multiple predictors.](pone.0234552.g003){#pone.0234552.g003}

4. Discussion {#sec009}
=============

In this study we compared estimated body composition (fat and muscle mass) with external body measurements obtained either manually or with a 3D body scanner in a cross-sectional sample of young Swiss men. We found that standard body measurements obtained with both methods were strongly correlated, yet some systematic differences existed. In general, standard measurements obtained with both methods performed equally well in predicting variation in estimated body composition. Of the 90 measurements obtained from the 3D body scans, the single best predictor of body fat was waist or belly circumference, while skeletal muscle mass was best predicted by limb size (length, girth or volume). The inclusion of additional measurements into multiple regression models increased the predictive value of each of the four body composition measures by more than 90%. Stepwise forward variable selection returned models with substantially more predictors than the lasso procedure, yet no overfitting was apparent, and a similar predictive value was achieved with both model selection procedures. However, due to strong correlations between some of the measurements, the exact choice of predictors in the best predictive model was largely arbitrary. Moreover, the optimal prediction function (possibly considering further derived features) still has to be determined in future studies.

The finding of a systematic bias between scanned and manually assessed data is supported by several other validation studies with similar results \[[@pone.0234552.ref042]\]. In the scanner participants stand with their legs hip-width apart (to enable the scanner/software to correctly identify the crotch), while they stand with their legs closer together when being manually measured \[[@pone.0234552.ref026]\]. In an earlier study with a different study population \[[@pone.0234552.ref040]\] as well as in the 54 follow-up assessments of the present study population \[[@pone.0234552.ref046]\] we found that height was systematically shorter in the scans. The positioning of the legs (hip-wide apart in the standard scan position vs. legs together and straight posture as being manually measured by an anthropometer) was found to be only partially responsible for the systematic height difference. The remaining difference could be related to the fact that we ran the automatic measurements with the software on the raw scans and point cloud might be slightly fragmented on the top of the head and the bottom of the feet. In other studies, height was systematically greater in the scans and that was mainly explained by issues related to the worn bathing cap (air beneath, or lots of hair up-biasing height) \[[@pone.0234552.ref034],[@pone.0234552.ref042]\]. Future studies should therefore examine the partly conflicting results regarding the systematic height bias more closely, especially since the calculation of the BMI depends on it. Like in the 54 follow-up assessments of the present study population \[[@pone.0234552.ref046]\], WC was larger in the scans, which is likely due to the tendency for hand-held tape measurements to compress the waist circumference, caused by too much tension, and thus reduce the values \[[@pone.0234552.ref064]\]. Moreover, the non-automatic positioning of the tape in manual measurements is challenging, even when conducted by trained personnel experienced in measuring overweight and obese people \[[@pone.0234552.ref067]\]. This might apply to an even greater degree for larger waist circumferences among obese people, based also on the findings of other studies which report low reliability of manual WC measurements in obese subjects \[[@pone.0234552.ref034],[@pone.0234552.ref068]\].

In our study (regarding model fit) WC performed better than BMI and WHtR in the prediction of the three different body fat measures (visceral, absolute, relative). Moreover, the association between the three manual anthropometric measurements with visceral fat mass was not linear, so we suggest not modeling this association with simple linear regression equations. In general, the univariable prediction of SMM performed lowest in our study. This is an indication that other body dimensions are more important in predicting muscle mass and that this prediction should be focused on the upper and lower extremities. Our findings support other studies which found only little differences between manually and scanned measures of waist circumference and their association with relative fat mass (as assessed by the same BIA device as in this study) \[[@pone.0234552.ref042]\]. While some studies have already shown a good validation of linear and circumferential measurements between 3D scans and manual anthropometry, there is not yet so much information on volume reconstructions. We provide here indications that these volumes have an added value, in our case especially in the estimation of skeletal muscle mass.

We furthermore support other studies that information gained from the scans results in high predictive values for body composition measures \[[@pone.0234552.ref041]\]. In our study we show that the multivariable prediction of body composition explains significantly more variability than the univariate prediction given by WC, BMI and WHtR. Thus, scanning the participants brings with it an additional benefit because within a short time a large number of additional body measurements are available, which markedly improves the prediction of body composition. Concerning the method of selecting individual variables from the whole catalogue of scanned measurements, there are not many other studies we can use for comparison. Previous studies have aggregated meta-measures to cluster body types \[[@pone.0234552.ref044],[@pone.0234552.ref045]\] or have used deep learning \[[@pone.0234552.ref043]\]. Moreover, recent research has also focused on developing methods using the 3D geometry of the surface topography in order to predict body shape \[[@pone.0234552.ref051],[@pone.0234552.ref069],[@pone.0234552.ref070]\].

Strengths and limitations: One limitation of the present study is that body composition was estimated using BIA, which is not the gold standard. In a recent validation study \[[@pone.0234552.ref055]\], the Seca mBCA 515 BIA-device have been shown to be less reliable for visceral fat than other measures. However, in the setting of the presented study it was not feasible to perform invasive and more time-consuming examinations. We have only examined young Swiss men. However, the homogeneous sample also has advantages in that the precision of our results within the examination group is higher than that of a stratified sample. Also, our study was based on a relatively small number or subjects. However, since the subjects of the present study regarding BMI and WC are closely comparable to the total population of all conscripts in Switzerland (which covers \>90% of a given male birth cohort) \[[@pone.0234552.ref071],[@pone.0234552.ref072]\], we believe that our results are generalizable, at least for young men in Switzerland. A larger and more diverse group of subjects will be needed to produce results which are generalizable for a broader population. Also, information about migration background and ethnicity (which influences body shape) should be collected in similar studies, and statistical methods validated in this study have to be tested in other data sets. Last but not least, the geometry accuracy of the mesh surface reconstruction performed by the Anthroscan VITUSbodyscan software has not yet been validated \[[@pone.0234552.ref051],[@pone.0234552.ref069],[@pone.0234552.ref070]\], which might be relevant to the volume estimations in our study.

5. Conclusion {#sec010}
=============

Digital anthropometry is currently transforming areas of clinical nutrition assessment and provides new research opportunities \[[@pone.0234552.ref073]\]. We provide evidence, that even in smaller and homogenous samples prediction of body composition can be improved by making use of a broad range of standard scan measurements via various regression techniques. However, in order to make the best possible use of this technology, further studies that continue to lay important ground work must follow. The use of a 3D full body scan proved to be feasible for population based studies, and to produce results that strongly correlate to manually measured anthropometric measures. Some systematic differences remain and need further investigation. However, the use of a 3D scan might help in solving difficult situations like manual WC measurements in very obese individuals. As WC showed to be the best indicator for body fat in our study, this fact is of relevance for epidemiological applications. The 3D body scanner also allowed the prediction of skeletal muscle mass in our study. If this result is confirmed in other studies, and especially in a more varied population, this might reduce the use of multiple devices in population studies in the future.

Supporting information {#sec011}
======================

###### The 90 selected measurements, including names, system-ID, mean and Standard Deviation (SD).

Rho RFM indicates Spearman rank correlations with RFM, and Rho SSM correlations with SMM (only Rho\>0.5 are reported to provide an overview, and Rho\>0.8 are reported in bold numbers).

(DOCX)

###### 

Click here for additional data file.

###### Correlation (Spearman) matrix for the three anthropometric measurements (BMI, WC, WHtR).

(DOCX)

###### 

Click here for additional data file.

###### Correlation (Spearman) matrix for the four body composition measurements (visceral fat mass, AFM, RFM, SMM).

(DOCX)

###### 

Click here for additional data file.

###### 

(CSV)

###### 

Click here for additional data file.
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A\) Editor

"Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

The manuscript is well assessed by the two Reviewers; however, several major critiques are raised in the present form. Read carefully the Reviewers\' comments and respond them appropriately."

\- Answer: Many thanks for giving us the opportunity to revise our manuscript. We are happy to comment on all points that the reviewers have noted. Please find our answers below.

B\) Reviewer \#1

"The authors presents a paper comparing both manual anthropometric measurements and measure-ments derived from a 3D laser photonic scanner to BIA measurements. The paper is well written but overly complex and the statistics needs to be slightly revisited.

Main considerations:

\(1\) The model construction AND the validation is based on the same dataset, so the validation compar-ing measurements derived from a 3D laser photonic scanner to BIA measurements will of course give a high comparability. Since the model was optimized for exactly these datasets. In order to complete a more reliable validation the model parameters should not be selected in the same group as the BA plots and regression testing was performed in. Sugget to either split the group in two where the model param-eters are determined in the first sub-group and the validation is performed in the second sub-group, or perhaps the follow-up 54 datasets could be used for the validation?"

\- Answer: Thank you for this comment. As we wrote in the methods section of our article, we as-sessed the predictive value of our models using the standard method of leave-one-out cross-validation. The main reason for choosing this method was that our sample is relatively small. We have expanded the section on methodology to include this justification. The second reason was that our paper focuses on the potential benefit of including multiple predictors in a model, on the number of potentially relevant predictors and the way to select them, rather than the con-struction and testing of a single optimal predictive model. We used bootstrapping to assess the stability of predictor selection and showed that the identity of the predictors included in models varied substantially among bootstrap samples. We modified the title of the paper to clarify this purpose. The presentation of a single model with regression coefficients in Table 3 (multivari-ate lasso) may have suggested that this was proposed as optimal predictive model. In fact, Ta-ble 3 had a different purpose, which is why we did not validate this model. We agree that this was not sufficiently clear. To avoid increasing the complexity of the paper, we removed Table 3 and instead improved the description of individual predictors in the Supplementary Table 1. Finally, please note that the first part of the results directly compares manual and scanned measurement (BA and scatter plots) and does not involve any model construction or model pre-dictions. The measurements were chosen a-priori due to their established use in medical re-search and public health assessments. This is why no model validation was performed here.

"(2) The research questions are overly complex. There are six distinct research questions identified in the aims and these are strongly related. Is it necessary with such complex and many research question? It seems, in the paper, as the main questions rather are (i) to define model parameters for fitting 3D laser photonic images to body composition, and (ii) to validate this model?"

\- Answer: We agree that the research questions were complex in the initially submitted manu-script version. We therefore reduced the number of research questions from six to three in the revised version. However, as explained above, our aim was not to define and validate a single model for the prediction of body composition, but rather to compare models based on two data sources (manual and scanner) as well as different approaches to predictor selection. Thus, we could not reduce the research questions as much as proposed above.

"Minor consideration:

\(1\) In the discussion it is noted that participants were standing with their legs hip-width apart for the scanning, whereas they were standing with legs close together for the manual measurements. This will introduce a bias towards lower heights in the scanning. I presume the length of the legs could have been determined from the scanning parameters and therefor (simply using the Pythagorean theorem) the heights could have been corrected for?"

\- Answer: Thank you for this excellent suggestion. In fact, we addressed the systematic height dif-ference in a separate paper, which was just published in PeerJ (<https://peerj.com/articles/8095/>). In this sub-analysis we compared two scan positions in ca. 50 follow-up individuals (standard position with legs hip-wide apart vs. legs together and straight posture as being manually measured by an anthropometer). Our conclusion is that leg position is only partially responsible for the systematic height differences, the rest might be explained by additional factors such as slightly cut point clouds on the top of the head and at the bottom of the feet, as well as posture differences. As the PeerJ study has been published in the meantime, we complemented the discussion of the present study accordingly.

C\) Reviewer \#2

"This paper presents a study of using 3D digital measurements to predict body composition. However, the major issues for this paper are:

1\) Vary lack of novelty. There are many existing papers conducted a similar study and this paper has no outstanding points comparing to the others."

2\) Minimal contribution to the research in this area. The significance of this paper is unknown."

\- Answer: Thank you for this comment. Indeed, the number of studies in the medi-cal/epidemiological 3D full body scan area has increased pleasingly in recent years. Neverthe-less, in our view, there is still a research gap in which methodologies can be used to extract the most and relevant information from the cloud of points in order to explore associations with disease risks etc. By following a new path (comparing different statistical techniques to select parameters) and by showing that even in a small sample we can improve the prediction of body composition using these techniques and the full battery of standard measurements, we believe that we are making a valuable contribution to the 3D full body scan community. We added a sentence highlighting our contribution to the field to the conclusion paragraph.

"3) The experiment is not-well designed, using BIA as the ground truth is questionable. And the accu-racy of the 3D scanner is not fully validated."

\- Answer: We admit that the paper\'s title may have suggested that we regard BIA measurements as \"true\" measures of body composition. This simplification was necessary to avoid an overly long title. We clearly state in the introduction and again in the limitations section that BIA is not the gold standard for determining body composition. As we also state in the limitations, BIA was simply the only applicable method in our study setting (limited time window available with-in the Armed Forces basic training and no possibility to use more invasive techniques). We would also like to note that even when still not interchangeable with DEXA the latest generation of BIA devices (as for example the SECA mBCA 515 used in our study) has made progress, as shown by independent validation studies (<https://www.mdpi.com/2072-6643/10/10/1469>). We pick up your point by adding at various places in the manuscript that our BIA measurements are an "estimate" of body composition. Regarding the accuracy of 3D scanners, our own and other studies have shown a high reliability and validity of linear measurements (lengths, cir-cumferences, etc.) in comparison to manual measurements (the repeatability is even increased against manual measurements due to the reduced intra-observer errors). This is also the case for the latest highly precise and accurate Anthroscan VITUSbodyscan device used in our study and also in large medical cohort studies in Germany (NAKO, Life). However, regarding vol-umes there are not yet many validations studies. We add to this research gap by showing that especially volumes contribute to the estimation of SMM. We supplemented this added value to the discussion.

"4) The dataset is too small and the diversity is limited. It is hard to guarantee the result can be general-ized well."

\- Answer: We agree that our sample is relatively small and generalizability may be limited. We also emphasize this fact at various points in our manuscript. However, we believe that this is al-so one of the contributions of our study: We show with that even with a small sample from a homogeneous population, multiple measurements derived from the scanner contribute to the prediction of body composition. We also show (Table 2) that the identity of the selected predic-tors is variable. We believe that the statistical methods (parameter selection) that we point out are transferable and can provide other studies with valuable information. We agree that the presentation of a single model with regression coefficients in Table 3 (multivariate lasso) may have suggested that this was proposed as optimal predictive model. We fully agree that this model is specific to our study population and may be not valid for people of different age and ethnicity. As explained above (answer to reviewer 1), we removed Table 3 from the manuscript to avoid a misunderstanding on its purpose.

"A) Data Source

Dataset is very small. Age range and ethnicity diversity are limited. Statistics detail is not provided. And the justification for using such a small dataset is inadequate."

\- Answer: Thank you for this comment. For sample size and diversity, see our previous answer. Regarding statistical detail, we added some more information about age distribution and eth-nicity of our probands in the data description. Further information is provided in Appendix Table 1.

"Using BIA as the ground truth is questionable. The accuracy of BIA is pretty low. The author does not give enough justification for using BIA as the ground truth."

\- Answer: For general use of BIA, see our answer to your third comment above. We added a little more text in the methods section, why we had to use BIA.

B\) Method

"The author evaluated the agreement between manual and scanned anthropometric standard measure-ments. But the anthropometric is only limited to BMI, WC, and WHtR."

\- Answer: Unfortunately, we only had a limited time window available for measurements within normal Armed Forces operations. We were therefore unable to collect any other manual an-thropometric mass than these standard measurements (BMI, WC, WHtR). And more time would indeed be required to take other high-quality measurements such as the circumferences of the thigh or forearm. However, we think that for most readers of our article, the comparison be-tween manual and scanned measurements is particularly interesting for the standard measure-ments we compare (BMI, WC, WHtR), which are often used in medical and epidemiological studies.

"The geometry accuracy and measurement readability of the 3D scanner is not evaluated and justified, especially when users take a 3D scan with their T-shirts on. More evidence should be provided for the data cleanness."

\- Answer: Thank you for this important note that we were not precise enough about our data preparing process. We worked with the raw point clouds for the extraction of all standard measurements (but not the volumes). For the standard measurements, there was no postpro-cessing of the scans, only all 104 scans were checked for their quality (artefacts, etc.). For the calculation of the partial volumes, we automatically calculated closed surfaces using the stand-ard procedure in the Anthroscan software (good quality level, medium mesh size), the cutting off of the partial volumes was also done fully automatically via the Anthroscan software, but was supervised by us. We added corresponding text to the methods section. Regarding geomet-ric accuracy (which mostly applies for postprocessed scans (mesh)): We agree that, even with the high-precision Anthroscan VITUSbodyscan devices, there has not yet been a study that has validated the accuracy of the overlying mesh. However, the resolution of these devices is so high (even tattoos are precisely recorded, and these devices are also used in dermatology) that we are confident about their accuracy. However, this is less relevant in the context of the present study because we automatically extract most of the measurements from the raw point cloud (over 7 million points) and no proband wore a T-shirt during the measurements. However, we will in-clude this important point when we work with 3D surface geometry in future studies. And, we have added a corresponding sentence to the limitations section.

"How the feature selection is conducted (training set size, validation set size, and test set size) is not clear. I suggest the author use a separate dataset to test the performance of selected features."

\- Answer: Thank you very much for this comment. Please see our answer to the equivalent first comment of Reviewer 1.

"The author states there is no overfitting but there is not enough justification (like experiments, data) for this.

The author states they collected 89 measurements, but does not provide enough detail about the 89 measurements. What are the measurements, how are they correlated, is there a better way to formulate the prediction function? Why only several of them are useful?"

\- Answer: Regarding overfitting, we present evidence in Figure 3. In this visualization, curves il-lustrate how many predictors were needed to obtain the maximal predictive value and the mod-erate degree of overfitting (difference between r2 and cross-validated r2) found even with multi-ple predictors. We improved the corresponding part in the results section in order to better high-light the overfitting question. Regarding details on the measurements: We agree that some of these measurement designations are somewhat burdensome. But please note that we provide the exact system name and official ID numbers of all measurements used (based on standards ISO 7250 / ISO 8559 and DIN EN ISO 20685) together with descriptive statistics in Appendix Table 1. This should also facilitate comparison across studies with the same scanner device and soft-ware. Regarding correlations, we already noticed in our manuscript that some of these meas-urements are highly correlated. We added information on this to the main text as well as to supplementary Table 1, and we newly added Supplementary Figure 1. Regarding the prediction formula: As noted above, the aim of our paper was not to provide a single optimal prediction function, and we removed Table 3 to avoid this misunderstanding. We also state more clearly in the discussion that the optimal prediction function (possibly considering further derived fea-tures) still has to be determined.

"Data analysis is performed but the author did not dig into why some features are selected and why the others are irrelevant and what is the interrelation between the features. Other than feature extracted di-rectly from the software, feature mapping may be explored to see if there are better features derived from the simple features."

\- Answer: Thank you for this good comment. We illustrated the relationships among features in a new Supplementary figure (tree from cluster analysis). Furthermore, we classified the features into groups (height, girth, volume etc.) and evaluated correlations within and between groups, as well as their correlations with body composition (addition to Appendix Table 1). We could have made similar considerations for the multivariable models, but this was beyond the scope of the paper and would have made it even more complex. While other studies have attempted to make sense of the standard measurement batterie using PCA and other methods, our goal has been to work relatively close to the standard measures that the Anthroscan software provides. Since we have already used 90 measures for our predictions within 104 subjects, additional or combined measures would most probably caused overfitting issues.

"The result lacks significance."

\- Answer: Please see our answer to your first comment.

C\) Other

"Related work/background does not cover the latest research in body composition analysis using 3D geometry."

\- Answer: We were happy to take up this interesting new direction in the discussion.

"The manuscript is hard to read and bad-organized."

\- Answer: Thank you for this comment. We are aware that our manuscript is relatively complex. We have reduced the number of research questions (based on a comment from Reviewer 1), but it is in the nature of these remaining questions that their answers are and remain technical and therefore complex. Nevertheless, we have tried to reduce the complexity here and there and to offer more reader guidance.

###### 
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###### 

Click here for additional data file.
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3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: (No Response)

Reviewer \#2: N/A

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: (No Response)

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: (No Response)

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: (No Response)

Reviewer \#2: I have the same concern with the Reviewer \#1 on how the model is evaluated. And I totally agree with Reviewer\#1 that the author should separate the dataset, i.e., train the model using one part and do the evaluation using the other. At lease I think the author should give that result as part of the analysis.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: Yes: Janne West

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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"I have the same concern with the Reviewer \#1 on how the model is evaluated. And I totally agree with Reviewer\#1 that the author should separate the dataset, i.e., train the model using one part and do the evaluation using the other. At lease I think the author should give that result as part of the analysis."

Answer: Thank you very much for insisting on this really important point. We agree that models should be trained and tested on different data. We would like to stress again that this is exactly what we did when we applied leave-one-out cross-validation: We trained a model on (n-1) sub-jects and tested it on the remaining (excluded) subject, and repeated this in turn for all subjects in the sample. This procedure avoided the arbitrary subdivision of our rather small sample into even smaller subsamples. Please let us mention that Reviewer \#1, who initially suggested the da-taset splitting, agreed with our explanation and with the use of this procedure for model evalua-tion given the aims of our study. We therefore believe that we have already sufficiently ad-dressed this Reviewer\'s concern and hope that we could clarify this here.
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Submitted filename: Answers_R2.docx

###### 

Click here for additional data file.
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Dear Dr. Staub,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Masaki Mogi

Academic Editor

PLOS ONE
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The authors responded to the Reviewer\'s comments.
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Multiple measures derived from 3D photonic body scans improve predictions of fat and muscle mass in young Swiss men

Dear Dr. Staub:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Masaki Mogi

Academic Editor

PLOS ONE
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